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Abstract 
Nowadays switched reluctance motor (SRM) drives have been widely used in the 
field of controlled electric motor drives. The paper proposes a model reference 
adaptive control method for SRM drives. The main goal of the drive control is to 
improve dynamical performance by compensating for the motor nonlinearities. The 
ripple free operation can be realize only with an current waveform depending on 
the angle, speed and torque. The proposed ripple reduced method changes only the 
turn-on and the turn-off angle in function of the speed and current reference. One 
of the advantages of using the ripple reduced method that it does not need the real-
time calculation or measuring the motor torque. So it can be implemented on a 
cheap microcontroller. The test of this control method was performed in an 
experimental drive system. A SRM of 6/8 pole and 4 kW rated power was used. 
Simulation and experimental results are presented. 
 
 
1. - INTRODUCTION 
 
In motion control systems are robustness against 
parameter changes and disturbance rejection of main 
interest. The model reference adaptive control has the 
following features: 
 
- It makes the compliance of the system with varying 
operational conditions possible and ensures the 
behavior of the controlled system according to the 
prescribed reference model. 
- It means such a special type of adaptive systems 
which results in nonlinear control systems. This is 
the reason why the analytical analysis is completed 
by Lyapunov stability criterium or by hyper-stability 
principle. 
- Its planning and application is closely related to the 
using of computer methods.  
- Simple realisation of the control algorithm. 
 
In this paper the application of a model reference 
adaptive control to switched reluctance motors is 
presented. 
 
 
2. - DRIVE SYSTEM 
 
The block scheme of the examined drive system is 
shown in Fig.1.  
 
The supply unit consists of three main blocks, namely 
the RECTIFIER, the FILTER and the INVERTER. The 
inverter is a pulsed width modulated (PWM) one, 
marked with QP in the figure and it contains one-one 
switching transistor per phase and a brake chopper, not 
shown in the figure. The common point of phase 
windings is supplied by the PWM inverter. It is of 
autonomous operation and has an inner current control 
loop. The other ends of phase windings are connected to 
the phase switching transistors. 
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Fig.1. Block scheme of drive system 
It follows from the operational principle of SRM that its 
phase windings are to be excited at a well determined 
angle of the rotor position in an appropriate order. This 
is why a Rotor Position Sensor is to be mounted on the 
shaft of the motor. In our case the position sensor is a 
resolver. It can be calculated from the pole numbers that 
the phase switchings have to follow each other by 15 
degree. The resolver is supplied by an oscillator circuit, 
their signals are evaluated by a Position Decoder. 
 
 
3. – CONTROL OF SRM DRIVE 
 
3.1 – Current control 
 
The Current Controller is totally based on its hardware 
solution. Based on the current reference signal, it 
controls the PWM inverter of fix frequency by installing 
an analog controller. The current feedback also comes 
from the PWM inverter. 
For the control of the sum of phase currents (Fig.1.) it is 
suitable a simpler four-transistor inverter and is not 
necessary a six-transistor one as in the case of control of 
phase currents independently from each other. But the 
detriment of the previous solution is that the torque 
pulsation can be decreased in a smaller degree by 
changing the turn-on and turn-off angles. 
Namely, in the case of the constant current reference 
signal the current increase is limited by the switched-off, 
but conducting phase current as the regulator controls 
the sum of two phase currents. The increase of the phase 
current at starting the conducting state can be forced by 
the modification of the current reference signal: 
 
               (1) jj jj jr iCCui ⋅−+= ∑∑ == )(3 13 1 1
where: 
ri  is the current reference signal, 
ji  is the current signal of phase , j
u   is the output of the speed controller, 
jC   is the control signal of phase (0 or 1). j
The supplement of the first member of Eq. 1 makes the 
overlap of the phase conduction possible, while the 
effect of second member is to increase the reference 
signal with the current of the switched-off, but not 
current-free phase. 
 
3.2 – Speed control 
 
A model reference adaptive control is used for the speed 
control [4]. The model of the closed speed loop is a 
simple first order system. In the speed control loop an 
adaptation signal added to the error signal. Applying the 
signal adaptation control, a P type controller with  
gain can ensure zero speed error as the adaptation signal 
can produce a current reference signal to compensate the 
loading current at zero speed error. 
pK
The digital output signal determined by the software is 
converted by a D/A converter to an analog reference 
signal. 
The control tasks are fulfilled at every 12th sampling 
period. The speed feedback signal is determined by 
calculating the difference between the actual position 
value and the previous one of the resolver to digital 
converter. The measuring period ensures an accuracy of 
± 5 rpm.  
 
The control algorithm is as follows [4]: 
 [ ] [ ] [ ]+ε+−= k K1kUkU i  [ ]( ) [ ] [ ]( ) [ ]( ) 1kE  1kg1kE  kg1K           11p −−+−+  (2) 
 [ ] [ ] [ ] [ ] [ ]( ) kNkN k1k1gk1g r1 −εΓ+−=   (3) 
 
where: 
 [ ]kU  is the output of speed controller at the k-th 
sampling period, [ ]kE  is the error signal, [ ]kε  is the model error,  [ ]kN  is the speed feedback signal, [ ]kNr[ ]
 is the speed reference signal, 
kg1  is an adaptation signal, 
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Fig. 2.  Simulation results with speed controller of 
PDF-type. 
 
 [ 1k − ]  is the previous sampling period, 
1Γ  is a positive constant, 
ip KK , is the proportional and the integral constant. 
 
3.3 - RIPPLE REDUCED CONTROL METHOD 
 
The ripple free operation can be realize only with a 
current waveform depending on the angle, speed and 
torque [5]. The proposed ripple reduced method changes 
only the turn-on and the turn-off angle in function of the 
speed and current reference. The optimum turn-on and 
turn-off angles of the SRM drive has been determined by 
computer simulation based on the measured results of 
the analysed drive. The optimum solution has been 
fulfilled by four cycles embedded into each other. Two 
outer cycles give the current and speed reference signals, 
while two inner ones provide the turn-on and turn-off 
angles. By this one-one optimum angle pair can be 
determined to all operating points. 
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It can be considered an interesting result that the criteria 
of the minimum torque pulsation does not provide an 
optimum solution in all cases. The torque pulsation will 
be minimum in the speed-current plane only in that case 
if the torque of the motor is relatively small. For this 
reason a good result can be achieved in such a way if the 
relative, i.e. compared to the torque of motor, torque 
pulsation is minimised. 
 
The angle control of the drive determines the actual turn-
on and turn-off angles with a two-variable interpolation 
from the results stored in a look-up table and calculated 
by the above method. 
 
 
4. - RESULTS 
 
In Fig. 2 and Fig.3 two of many executed simulations are 
shown. Fig. 2 shows the run-up with speed controller of  
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Fig 3. Simulation results with model reference 
adaptive speed control. 
 
PDF-type (an integral element with Proportional and 
Derivative Feedback [6]), while Fig. 3 with model 
reference adaptive control (Eq. 2, Eq. 3) and in both 
cases with turn-on and turn-off angles depending on the 
speed and current reference and with current reference 
compensation (Eq. 1). 
 
The tests were completed by the described drive system. 
The test results have supported our theoretical 
investigations. The oscillograms in the following figures 
illustrate some typical starting curves and wave forms. 
The loading machine was a DC motor. Its inertia is 
about a triple of that of SRM. 
 
The experiences show that the model reference adaptive 
control suggested in this paper works without 
overshooting. Though this method requires a longer 
calculation period it is less sensible to the variations of 
parameters.  
 
Figs. 4. and 5. show the speed and current curves in the 
course of starting without current reference 
compensation. In all figures the upper curve is the speed  
0 100 200 300 400 500 600 700 800
0
2
4
6
8
10
12
14
16
18
Current [A]
Time [ms]  
0 100 200 300 400 500 600 700 800
0
2
4
6
8
10
12
Phase current [A]
Time [ms]  
 
 
 
 
(1000 rpm), the lower one is the current flowing in the 
common point of stator windings (10 A/div). Figs. 4. 
and 5. are related to the no-load operation mode. A PDF-
type control is applied in the case of Fig 4., while a 
model reference adaptive control (MRAC) is used in the 
case of Fig. 5. 
 
 
5. - CONCLUSIONS 
 
The paper proposes a simple control method for SRM 
drives. The proposed ripple reduced control method 
changes only the turn-on and the turn-off angles 
depending on the speed and current reference. The 
modification of the current reference is suggested for a 
simpler four-transistor inverter. The experiences show 
that the model reference adaptive control suggested in 
this paper works without overshooting. Though this 
method requires a longer calculation period it is less 
sensible to the variations of parameters. 
 
The simulations and experimental results demonstrate 
that the proposed method is a promising tool to control 
the SRM drives. 
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Fig. 4. Oscillograms of the speed and current, 
modified PDF-type control. 
 
Fig. 5. Oscillograms of the speed and current, MRAC-
type control. 
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